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Introduction. Endovascular approach to the aortic arch is an appealing solution for selected patients. Aim of this study is
to compare the technical and clinical success recorded in the different anatomical settings of endografting for aortic arch
disease.
Methods. Between June 1999 and October 2006, among 178 patients treated at our Institution for thoracic aorta disease
with a stent-graft, the aortic arch was involved in 64 cases. According to the classification proposed by Ishimaru, aortic
‘‘zone 0’’ was involved in 14 cases, ‘‘zone 1’’ in 12 cases and ‘‘zone 2’’ in 38 cases. A hybrid surgical procedure of supraortic
debranching and revascularization was performed in 37 cases to obtain an adequate proximal aortic landing zone.
Results. ‘‘Zone 0’’ (14 cases). Proximal neck length: 44 6 mm. Initial clinical success 78.6%: 2 deaths (stroke), 1 type Ia
endoleak. At a mean follow-up of 16.4 11 months the midterm clinical success was 85.7%. ‘‘Zone 1’’ (12 cases). Proximal
neck length: 28 5 mm. Initial clinical success 66.7%: 0 deaths, 4 type Ia endoleaks. At a mean follow-up of 16.9 17.2
months the midterm clinical success was 75.0%. ‘‘Zone 2’’ (38 cases) Proximal neck length: 30 5 mm. Initial clinical
success 84.2%: 2 deaths (1 cardiac arrest, 1 multiorgan embolization), 3 type Ia endoleaks, 1 case of open conversion.
Two cases of delayed transitory paraparesis/paraplegia were observed. At a mean follow-up of 28.0 17.2 months the mid-
term clinical success was 89.5%.
Conclusions. Total debranching of the arch for ‘‘zone 0’’ aneurysms allowed to obtain a longer proximal aortic landing
zone with lower incidence of endoleak, however a higher risk of cerebrovascular accident was observed. The relatively
high incidence of adverse events in ‘‘zone 1’’ could be associated to a shorter proximal neck, therefore this landing zone
is reserved for patients unfit for sternotomy. In case of endoleak, discovered after a satisfactorily positioned endograft in
the arch, the rate of spontaneous resolution within the first 6 months is high.
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A surgical approach to the aortic arch has been made
possible by the introduction of cardiopulmonary
bypass with deep hypothermia and circulatory
arrest.1 However, the procedure can be associated
with significant complications.
The availability of stent-grafts that can be easily
delivered and deployed in the aortic arch and that
can accommodate its curved anatomy, have prompted
many authors2e7 to use them in this challenging ana-
tomical region. The progress with branched stent
grafts that allow a totally endovascular approach
has been slow.8,9 Therefore open surgical rerouting
of the supraaortic branches is still needed.
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necessary according to the extent of the pathology and
the availability of an adequate landing zone in differ-
ent segments of the aortic arch. The purpose of this
study was to analyse the results recorded in the differ-
ent anatomical settings of endografting for aortic arch
disease.
Methods
Patients
Between January 1999 and October 2006, 178 patients
underwent endovascular grafting of the thoracic aorta
at our Institution. The aortic arch was involved in 64
cases. There were 56 men and 8 women with a mean
age of 70.4 10.9 years (range 25e86 years). An athero-
sclerotic aneurysm was observed in 53 cases (mean
maximum diameter 62 14 mm), post-traumaticerved.
562 G. Melissano et al.aortic rupture in 2 cases, dissecting aneurysm in 3 cases
(mean maximum diameter 58 8 mm), penetrating
ulcers or intramural haematoma in 3 cases, pseudoa-
neurysm in 2 cases and endograft collapse due to
multiple stent fractures in one case.
An additional surgical procedure of supraortic de-
branching and revascularization was performed in 37
cases to obtain an adequate proximal aortic landing
zone (PLZ) and in 4 cases to achieve a satisfactorily
access site. According to the classification proposed
by Ishimaru,10 patients were divided into three
groups based to the PLZ involved:
- Zone ‘‘0’’: 14 cases (13 males; mean age: 73.4 5.3
years) including one case of right aortic arch
aneurysm.
- Zone ‘‘1’’: 12 cases (9 males; mean age: 66.7 11.8
years).
- Zone ‘‘2’’: 38 cases (34 males; mean age: 70.4 12.1
years) including one case of aberrant right sub-
clavian artery.
Risk factors of patients in the different groups
are reported in Table 1. Two patients were treated
urgently for symptomatic disease (1 case zone ‘‘1’’,
1 cases zone ‘‘2’’) and two patients emergently for
true rupture (2 cases zone ‘‘2’’).
The feasibility of the endoluminal intervention,
sizing of stent grafts and implant strategy was deter-
mined preoperatively, mainly with 16-Row Multislice
Computed Tomography with multiplanar reconstruc-
tions (Aquilion 16; Toshiba Medical Systems). We
considered the proximal aortic neck adequate when
the maximum diameter was 38 mm, the length
was 20 mm. We used one of several different com-
mercially available stent-grafts (Table 2). All patients
received preoperative duplex scanning of the iliac,
femoral, carotid and vertebral arteries to assess access
site and to evaluate the vertebral and carotid
circulation.Patients were evaluated with postprocedure chest
X-ray and contrast CT scans with scheduled follow-up
imaging at 1, 6 and 12 months, and yearly thereafter.
Angiograms were obtained in selected cases (i.e. endo-
leaks). Clinical follow-up was also done at regular in-
tervals of 6 months.
Procedure
All the procedures were performed in the operating
room, using a portable digital C-arm image intensifier
with road-mapping capabilities. Intraoperative trans-
esophageal echocardiography was used selectively
in 6 patients including all dissection cases.
All cases of ‘‘zone 0’’ and ‘‘zone 1’’ were performed
under general anaesthesia. In ‘‘zone 2’’, 26 procedures
(68%) were performed under general anaesthesia,
while epidural or spinal anaesthesia was used in 12
cases (32%). Cerebral activity was monitored by
means of continuous electroencephalogram in all
cases performed under general anaesthesia.
Preoperative cerebral spinal fluid drainage (CSFD)
was instituted in 2 selected patient with previous
abdominal aortic surgery11 and postoperatively in
the two patients developing symptoms of spinal
cord ischemia.
In 60 cases the common femoral artery, exposed
through an inguinal incision, was used as access ves-
sel (93.8%). An iliac access was used in 2 cases (3.1%)
and 2 cases (3.1%) had the device inserted through an
infra-renal aortic tube graft during combined surgery
for AAA and aortic arch.
Different techniques of supra-aortic vessels de-
branching have been previously described.2 In sum-
mary, debranching of supra-aortic vessels was
performed for all ‘‘zone 0’’ cases via a revasculariza-
tion of the brachiocephalic trunk and left common
carotid artery from the ascending aorta. All ‘‘zone 1’’
cases received extra anatomical revascularization
of left common carotid artery associated withTable 1. Preoperative risks factors
Zone ‘‘0’’ Zone ‘‘1’’ Zone ‘‘2’’ Total P
n¼ 14 n¼ 12 n¼ 38 n¼ 64
Age 73.4 5.3 66.7 11.8 70.4 12.1 70.4 10.9 NS**
Sex (men) 13 9 34 56 NS*
Tobacco use 7 5 19 31 NS*
Diabetes 2 3 5 10 NS*
Hypertension 8 6 22 36 NS*
Pulmonary disease 9 4 21 34 NS*
Renal disease 0 1 9 10 NS*
Cardiac disease 8 3 16 27 NS*
Cerebrovascular disease 2 3 7 12 NS*
Previous AAA repair 0 1 3 4 NS*
*Chi-square test or the Fisher Exact test; **Kruskal-Wallis test.
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Manufacturer Tot.
Gore 9
Endomed 4
Medtronic 4
Cook 47
2000 2001 2002 2003 2004 2005 2006
New TAG (n=5)TAG  (n=4)
Endofit (n=4)
Talent (n=4)
TX1 (n=23) TX2 (n=24)Eur J Vasc Endovasc Surg Vol 33, May 2007revascularization of left subclavian artery in 2 cases.
Intentional covering of the left subclavian artery
without revascularization was performed for ‘‘zone
2’’ in 27 cases (11 cases of prophylactic revasculari-
zation: 8 cases of left carotid-subclavian artery by-
pass, 1 case of bilateral carotid subclavian artery
bypass in a patient with aberrant right subclavian
artery and 2 cases of subclavian artery transposi-
tion). Prophylactic revascularization of left subcla-
vian artery was performed when it supplied
coronary circulation through the left internal mam-
mary, when the contralateral vertebral artery was
inadequate, in young patients, left handed profes-
sionals or in cases of previous abdominal aortic sur-
gery to prevent paraplegia. The left subclavian
artery was involved directly in the aortic pathology
in 25 cases (65.8%) and in the others cases was
covered because it was within the proximal aortic
landing zone. During all phases of endograft deploy-
ment pharmacological systemic hypotension was
induced. After deployment a completion aortogra-
phy was performed. Ballooning was performed
selectively.
Reported results and methods are in accordance
with the current reporting standards for endovascular
aortic repair prepared and revised by the Ad Hoc
Committee for Standardized Reporting Practices in
Vascular Surgery (SVS/AAVS).12 Different types of
endoleak were classified according to contrast CT
scan findings.13 Type I endoleaks were classified on
CT scan on the basis of the location of the endoleak
in contiguity with the proximal or distal attachment
site, as well as early filling of the aneurysm sac on
the CT scan. Type II endoleaks were classified if the
endoleak sac could not be seen communicating with
the proximal and distal attachment site or if there
was delayed enhancement of the endoleak sac. If an
endoleak was associated with junctional separation
of the two stent graft sections, it was called a type
III endoleak.13Statistical analysis
Data are shown as number (%) for categorical vari-
ables or as median, 1st quartile and 3rd quartile
(Q1-Q3) and mean for continuous variables. Compar-
isons of categorical variables among different classes
of patients were performed by the Chi square or the
Fisher Exact tests. Continuous variables were com-
pared by the Mann-Whitney or Kruskal-Wallis tests.
Analysis were performed in SAS v8 software (SAS
Institute Inc, Cary, NC-USA).
Results
There was no difference regarding preoperative risks
factors and the diameters of PLZ. Mean maximum
diameter of PLZ was 33.5 3.7 mm: 34.3 3.7 mm
for ‘‘zone 0’’, 34.1 3.0 mm for ‘‘zone 1’’ and
33.0 3.9 mm for ‘‘zone 2’’. Mean length of PLZ
obtained after supra-aortic vessels debranching or
intentional coverage of left subclavian artery was
33.0 7.7 mm: 43.9 5.6 mm for ‘‘zone 0’’, 28.4
4.8 mm for ‘‘zone 1’’ and 30.4 5.0 mm for ‘‘zone 2’’.
The length of PLZ differed significantly between
the groups [p< .0001]. The shortest length of PLZ
was achieved with zone ‘‘1’’ and the longest with
zone ‘‘0’’.
Overall primary technical success was achieved in
55/64 cases (85.9%). One patient died one hour after
the procedure from a cardiac arrest because of
migration within the aneurysm of the stent-graft2,14
and 8 patients (12.5%) had a residual type IA endoleak,
after successful deployment in the intended landing
zone. Only three endoleaks were noticed after comple-
tion angiography and all were evident at predischarge
CT scan. These endoleaks were temporarily left un-
treated because the aortic proximal neck was deemed
inadequate for further endovascular procedures or re-
quired an unplanned supra-aortic vessel debranching
procedure. A type II endoleak was observed in
564 G. Melissano et al.3 patients (4.7%). The rate of type I endoleak and tech-
nical success in the different PLZ did not differ statisti-
cally (Table 3).
The overall mean intensive care unit stay is sum-
marized in Table 3 and it differed significantly among
the different PLZ (Table 3). [p< .001]. The mean
length of hospital stay is summarized in Table 3 and
differed significantly for different PLZ (Table 3).
[p< .0001].
Initial (30 days) clinical success was obtained in
51/64 patients (79.7%) with a mortality rate of 4/64
(6.3%). The causes of death were: cardiac arrest in
one case,2,14 stroke in two cases and multiorgan embo-
lization in one case. One patient (‘‘zone 2’’) electively
underwent a successful surgical conversion 2 weeks
after the procedure because of stent fracture and
collapse of the graft.2,14 Initial clinical success was
not affected by PLZ (Table 3). No adjunctive cerebro-
vascular accidents were recorded. The major adverse
rate, including early deaths and major strokes, was
9.4% (6/64 cases). Paraparesis and paraplegia were
observed respectively in 1 case (3.1%). In both cases
it had a delayed onset (range 1-3 days) and resolved
after CSFD institution.15 Postoperative complications
included acute renal failure reversed without dialysis
in 1 patient (1.6%) and respiratory failure requiring
intubation for more than 48 hours in 1 patient
(1.6%). Intraoperative stroke, paraplegia, renal and re-
spiratory failure were not related significantly to PLZ.Eur J Vasc Endovasc Surg Vol 33, May 2007Short-term clinical success was obtained in 58/64
patients (90.6%): Seven cases of type IA endoleak
resolved completely without any further intervention
and one case of perioperative endoleak is being
followed 2 months after the procedure. Short-term
clinical success was not affected by PLZ (Table 3).
At a mean follow-up of 19.1 15.6 months (range
1e65 months), we registered mid-term clinical success
in 55/64 patients (85.9%). Mid-term clinical success
was not affected by PLZ (Table 3). In cases of aneurys-
mal disease we recorded shrinkage (>5 mm) of the sac
in 27/56 cases (48.2%) without any cases of aneurysm
expansion. Two patients died from aneurysm rupture
(zone ‘‘1’’). One surgical conversion was performed be-
cause of a late fracture of the longitudinal support wire
of a Gore Excluder TAG stent-graft 43 months after
endovascular procedure for zone ‘‘2’’ aneurysm. We
recorded two late deaths unrelated to the aneurysm.
Discussion
Despite improved results of open repair of the aortic
arch with the aid of selective antegrade cerebral perfu-
sion, complications remain high. Reports of total
endovascular treatment of aortic arch with branched
stent graft are limited to a few cases with unreported
midterm results.8,9 Different case reports have demon-
strated the technical feasibility of complete or partial
rerouting of the supraortic branches associated withTable 3. Results in the different proximal aortic landing zones
Zone ‘‘0’’ Zone ‘‘1’’ Zone ‘‘2’’ Total P
n¼ 14 n¼ 12 n¼ 38 n¼ 64
Technical success 13 (92.9%) 8 (66.7%) 34 (89.5 %) 55 (85.9%) NS*
Type I or III endoleak 1 (7.1%) 4 (33.3%) 3 (7.9%) 8 (12.5%) NS*
Intraoperative death 0 0 1 (2.6%) 1 (1.6%) NS*
Procedural open conversion 0 0 0 0 NS*
30-days mortality 2 (14.3%) 0 2 (5.3%) 4 (6.3%) NS*
Paraparesis/paraplegia 0 0 2 (5.3%) 2 (3.1%) NS*
Stroke 2 (14.3%) 0 0 2 (3.1%) NS*
Renal failure 0 0 1 (2.6%) 1 (1.6%) NS*
Respiratory failure 1 (7.1%) 0 0 1 (1.6%) NS*
ICU stay 3 (1e7) days 1 (0e2) days 0 (0e1) days 0 (0e2) days <.0001**
Length hospital stay 9 (6e11) days 6 (5e8) days 4 (3e5) days 5 (4e7) days <.0001**
Initial clinical success 11 (78.6%) 8 (66.7%) 32 (84.2%) 51 (79.7%) NS*
30-days open conversion 0 0 1 (2.6%) 1 (1.6%) NS*
Short term clinical success 12 (85.7%) 11 (91.7%) 35 (92.1%) 58 (90.6%) NS*
Resolution postoperative
type I endoleak
1 (7.1%) 3 (25.0%) 3 (7.9%) 7 (18.4%) NS*
Mid term clinical success 12 (85.7%) 9 (75.0%) 34 (89.5%) 55 (85.9%) NS*
New onset
type I or III endoleak
0 0 0 0 NS*
Aneurysm related deaths 0 2 (16.7%) 0 2 (3.1%) NS*
Open conversion 0 0 1 (2.6%) 1 (1.6%) NS*
*Chi-square test or the Fisher Exact test; **Kruskal-Wallis test.
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only a few studies including more than ten cases
have been published.2e7
We previously reported our initial experience on
hybrid treatment of aortic arch pathology.2 Overall re-
sults of our contemporary experience seem acceptable
with a mortality rate of 6.3% and stroke rate of 3.1%,
however, initial clinical success rate was less satisfac-
torily than the results published for endovascular
treatment of descending thoracic aortic pathology.
The initial clinical success rate of our series has been
affected by a high rate of type I endoleaks. Consistent
with the reports of other authors,2,5,7 we observed
complete spontaneous resolution of these type I endo-
leaks within the first 6 months with an acceptable
short and midterm clinical success rate. The type I en-
doleaks were discovered in a satisfactorily positioned
endograft with adequate proximal neck length and
could be related to incomplete seal of the endograft
in the proximal neck. This may explain the high rate
of spontaneous resolution in our series within the first
6 months of follow-up.
Management of the left subclavian artery arising
from ‘‘zone 2’’ PLZ remains a debated issue. 2,3,6,16,17
In our practice we intentionally cover the left sub-
clavian artery with revascularization only in selected
cases. Unlike other authors17,18 we did not observe
complications related to left subclavian artery occlu-
sion. Among patient with the left subclavian artery
coverage, we recorded two cases of delayed onset
paraplegia resolved after CSFD institution in cases
of extensive descending thoracic aorta involvement.
The postoperative death was due to multiorgan em-
bolization in a case of shaggy aorta. The involvement
of left subclavian artery ostium in the PLZ of endovas-
cular treatment of thoracic pathology is quite common
and some international trials do not exclude cases
with coverage of this supra aortic vessel. However
dealing with zone ‘‘2’’ PLZ raises some technical
problem different from more caudal PLZ. The passage
of guidewires and large bore sheaths through the
aortic arch curvature, the release of devices in the
curvature of thoracic isthmus and the risk of cerebro-
vascular accident due to supra-aortic vessel emboliza-
tion are all issues to consider. In our study there was
no statistical difference between zone ‘‘2’’ outcomes
and more cranial PLZ.
For ‘‘zone 1’’ PLZ extra-anatomical revasculariza-
tion of the left common carotid followed by coverage
of its origin has been performed.2e6 This technical
solution produced no mortality, however short and
midterm clinical success were less satisfactory than
in the other PLZ. This difference was not statistically
significant, possibly due to sample size. The lowersuccess rate was due to an excessive rate of immediate
type I endoleak and to the two aneurysm related
deaths at midterm follow-up. The less satisfactory re-
sults in ‘‘zone 1’’ group may be related to the shorter
aortic neck length obtained rerouting blood flow only
to the left common carotid artery and to the proximity
of aortic arch major angulation. Initially, we judged an
aortic proximal neck length 20 mm to be sufficient
for endografting in ‘‘zone 1’’ in order to avoid sternot-
omy and complete rerouting of aortic arch. Currently
we choose ‘‘zone 1’’ PLZ if the aortic neck length is
>30 mm or in patients absolutely unfit for sternotomy
with shorter aortic necks.
Another concern of endovascular treatment of
‘‘zone 1’’ PLZ is the durability of the extrathoracic
revascularization of left common carotid artery. Ex-
perience derived from treatment of obstructive disease
of supraortic vessels showed that long term patency of
extrathoracic reconstruction was lower that intra-
thoracic anatomical reconstructions.19 An interesting
alternative proposed by Czerny et al.7 is to perform
revascularization of left common carotid and sub-
clavian artery for zone ‘‘1’’ with intrathoracic autolo-
gous double transposition.
Complete rerouting of the aortic arch is reported in
the literature4,7,20,21 but only Bergeron et al.5 presented
a series of more than ten cases.5 In that series, 15
patients were treated with complete debranching
followed by a staged endovascular exclusion of the
aortic arch in a different operation. Two in-hospital
deaths were recorded: one left ventricle perforation
from guidewire and one iliac rupture. No cerebrovas-
cular accidents were described. We prefer to perform
both procedures in the same operation rather than as
a staged procedure for several reasons. A single gen-
eral anaesthesia is required that gives us the advan-
tage to easily use an aorto-iliac access when needed,
moreover adjunctive surgical manoeuvres like aortic
banding or more proximal ligature of supraortic
stumps can be performed selectively to correct type
I endoleak. A single stage approach in addition does
not leave a risk of rupture between the complete re-
covery from median sternotomy and endovascular
procedure. Zhou et al.20 recently proposed antegrade
endograft deployment via an anterior thoracotomy
approach to avoid heart injury.
This study is limited by the relatively small sample
size. However the analysis of our results may have
practical implications in the ongoing evolution of
hybrid procedure in the aortic arch. Currently we
propose to reserve ‘‘zone 1’’ for patients unfit for
sternotomy or in cases with aortic neck length
>30 mm and to perform complete aortic rerouting of
the aortic arch in cases of shorter aortic neck. ThisEur J Vasc Endovasc Surg Vol 33, May 2007
566 G. Melissano et al.recommendation, the standardization of procedures,
the technological evolution of materials and stent
grafts will probably improve initial and midterm
clinical success rate.
Overall this study demonstrates that hybrid pro-
cedure for aortic arch pathology is feasible and re-
latively safe in patient at high risk for surgery with
acceptable mortality and morbidity rate.
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